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We summarize here some of the general accomplishments in this research

project along with the apecifié progress in this last year. The overall
objectives of this study included: (1) the synthesis of new solid electrolyte
materials which differ in composition and mobile ion from those currently
availabie, with special emphasis on complex salts contaidf}g mobile Cu(l),
Ga(1), In(I), and Th(I) ions, (2) the screening of new solid materials for

high ionic conductivity coupled with low electronic conductivity; and (3)

detailed characterization studies of the new solid electrolyte materials

which were aimed at developing an understanding of charged particle tramsport

and the effects of temperature and impurities on transport properties.

In order to develop a deeper understanding of the role of electronic
structure of the cation on fast ion transport in solids, we investigated a
series of solid electrolytes of the formula ApMX, (A* = cut, Ag*, In*, ot
T1Y; M2* = z02*, cd2*, or HgZ*; X = Br~ or I"). Electrical measurements on
these materials show consistently lower conductivity for the al%2 jong,
In* and TI*, than for the 410 jons, Cu* and Ag*. A single crystal x-ray
investigation of the structure for Tl;Znl; demonstrates that the cation re-
sides in a low symmetry 5~coordinate environment. Raman spectroscopy and
x~ray powder diffraction suggest a similar structure for the corresponding
In* salt. By contrast, structural data in the literature indicate that
Cu* and Ag* reside in tetrahedral sites in their respective compounds. These
comparisons suggest that the lower coud. :v of the 41052 jons arise from
the structural differences. The structural «.cferences are imposed by the
ungymmetrical polarization of the d1042 jons which contrasts with the sym—

metrical polarization of 419 jons.
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This earlier work prompted spectroscopic investigations and electronic
structure calculations on the influence exerted by the cation on the energy
of the transition state for ion transport. To address this issue, ab initio
Hartree~Fock LCAO-MO calculations were performed on MI, arrays. ‘The ground
state structure was taken as the cation residing in tﬁe center of a tetra-
hedral I, array and the transition state was modeled by the ion in the face
of the 14 array. Lower energies were found for the movement of the a10 jons
into the face of the iodide tetrahedron. In a classical sense this result
arises from the energefically favorable quadrupclar polarization of the
d10 jons which lowers the energy of the local D3, symmetry MI;, array for the
cation in the tetrahedral face. The d19s2 ions on the other hand are most
susceptible to dipolar polarization, which is not compatible with D3} local
symmetry.

These results demonstrate that the detailed electronic structure of the
cation can have a profound influence on ion tramsport. Furthermore, our
results indicate that the low mobility of the group III monopositive ions
results from the fundamental general causes and therefore these ions are not
attractive for further exploration as mobile species in solid electrolytes.

By contrst, the Ag* and Cu* conductors appear to be quite promising.

The best solid copper ion conductors known to date are the compounds
CujgRb,Cly 317 and CujgRb,Cly,Ig; these possess ionic conductivities at 25°C
of 0.34 (8 cm)”! and 0.44 (8 cm)”! and activation energies of 0.07 and

0.15 eV, respectively. However, for these materials to be useful as solid
electrolytes in commercial primary cella, they must also exhibit negligible
small specific electronic conductivities. Measurements of the electronic

conductivities of these copper ion salts were made with the aid of a d.c.
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polarization technique. The concentrations of electron holes in these
materials were determined as a function of temperature from an analysis of
transient currents in such polarization cells. The specific conductivity for
the electron holes exhibited an activation energy of 1 eV_and a foom-
temperature value of 5 x 10716 (@ cm)”!. The hole concentrations ranged from
109 cm3 at 25°C to 10!l cm™3 ac 130°C, and the transport number for the
electron holes ranged from 10-15 at 25°C to 10711 at 140°c. Since the par-
tial electron hole conductivities and transport numbers are negligibly small
at all temperatures where these phases are solids and their cu* ion conduc-
tivities are outstanding, these compounds.should be excellent solid'electro-‘
lytes in commercial primary cell applications.

A new research effort in polymer electrolytes was launched under AFO§R
support. The specific systems studied have the approximate composition
MX-4PEO (M is an alkali metal ion, X is a large anion, and PEO is the repeat
unit of polyethylene oxide). These are promising materials for application
in solid state electrochemical devices. In contrast to inorganic electro-
lytes, the highly compliant polymer electrolyte should maintain good contact
with the electrode materials.

In order to understand the structures and dynamics of these materials we
performed detailed infrargd and Raman spectroscopic investigations. Mid-
infrared spectra provided information on the conformation of the polymer
?ackbone, and high frequency Raman data indicated the polymer is wrapped
around the cations. Far~infrared spectra reveal the presence of cation
* translational modes for which the frequencies scale approximately as the

square root of the mass of the cation, and which have negligible dependence




on the nature of the anion. These results along with the published x-ray
fiber repeat distances, and steric considerations, are best fit by a model in
which the cations reside inside helical spirals of the polymer. The anions

are thought to reside outside of these helices.
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